Nigella sativa (NS), also known as black cumin, has long been used in traditional medicine for treating various cancer conditions. In this study, we sought to investigate the potential anti-cancer effects of NS extract using SiHa human cervical cancer cells. NS showed an 88.3% inhibition of proliferation ofSiHa human cervical cancer cells at a concentration of 125 µL/mL methanolic extract at 24 h, and an IC 50 value 93.2 µL/mL. NS exposure increased the expression of caspase-3, -8 and -9 several-fold. The analysis of apoptosis by DeadEnd terminaltransferase-mediated dUTP-digoxigeninend labeling (TUNEL) assay was used to further confirm that NS induced apoptosis. Thus, NS was concluded to induce apoptosis in SiHa cell through bothp53and caspases activation. NS could potentially be an alternative source of medicine for cervical cancer therapy.
Nigella sativaL. (NS) , commonly known as black cumin, has been used in many Middle Eastern countries for thousands of years, as a spice, food preservative, and curative remedy for numerous disorders [1a-1c] . The extract of NS seeds has been shown to exert in vitro antitumor effects on carcinoma, lymphoma and sarcoma [2a, b] . Methanolic extract of NS seeds has been reported to induce in vitro cytotoxicity in human prostate cancer PC3 cell line [2c], whereas the chloroform fraction of NS was found to be able to induce apoptosis in HeLa cells [2d] . In addition to these direct antitumor effects, black seed preparations may have potential for cancer chemoprevention, as well as for reducing the toxicity of standard antineoplastic drugs [2a,3a] . Most of these effects have been attributed to the volatile oil obtained from the black seed preparation. Thymoquinone and dithymoquinone, the main active components of the volatile oil, were observed to be cytotoxic to both parental and multidrug resistant tumor cells in vitro [3b, c] . NS seeds are well known for their medicinal property [3d] and no side effect and health hazard has been reported [3e].
Cervical cancer is the fifth most common type of cancer among women. Considering the significance of this cancer sub-type, we used SiHa cell lines to analyze the anticancer activity of the NS seed extract as well as to investigate the ability of NS to induce apoptosis and to determine the responsible molecular mechanisms underlying apoptosis in SiHA cells. To determine its antiproliferative activity, we studied the effect of NS on cell viability by Cell Titer Blue ® viability assay. Induction of apoptosis was assessed by DeadEnd TUNEL assay and real-time quantitative PCR for the expression of the pro-apoptotic genes like caspase-3, caspase-8 and caspase-9 and p53. The results led us to conclude that certain bioactive compounds in NS seeds are capable of effectively causing death of cancer cells by up-regulating the expression of certain pro-apoptotic genes.
The cytotoxic effect of NS from 0 µL/mL to 125 µL/mL on SiHa cells was examined using the Cell Titer Blue ® viability assay. A dose-dependent reduction in color was observed after 24 hours of treatment with NS, and 88.3% of the cells were dead at the highest concentration tested (125 µL/mL), whereas the IC 50 value of NS for SiHa cell was achieved at 93.2 µL/mL.
To determine whether the inhibition of cell proliferation by NS was due to the induction of apoptosis, a TUNEL assay was used.Figures 1-3 summarize the effect of NS on SiHa cells. A dose-and timedependent increase in theinduction of apoptosis was observed when SiHa cells were treated with NS. At 24 h, 16.7 and 26.2% of the cells treated with 50 µL/mL and 100 µL/mL NS, respectively, underwent apoptosis when normalized with control. Similarly, 29.6 and 38.8% of the treated cells for 48 hours, and 36.4 and 60.1% of the treated cells for 72 hours were apoptotic when treated with 50 µL/mL and 100 µL/mL, respectively.
To investigate the molecular mechanism of NS-induced apoptosis in SiHa cells, the expression levels of several apoptosis-related genes were examined. The relative quantification of caspase-3, -8, and -9 and p53 mRNA expression levels was performed by SYBR Greenbased quantitative real-time PCR using a 7500 Fast Real Time PCR System. NS increased the transcripts of caspase 3, -8, and -9, and p53by several fold. The expression levels of these genes in SiHa cells treated with 50 µL/mL NS for 24 hours increased by 4.34, 2.23, 7.41 and 4.69 fold, respectively, as compared with the levels in untreated control cells. Similarly, the expression levels of caspase-3, -8, and -9 and p53 in SiHa cells treated with 100 µL/mL NS for 24 hours increased by 8.12, 2.42, 8.15 and 8.14 fold, respectively, as compared with levels in untreated control cells. In a timedependent manner, the expression levels of the apoptosis-related genes in SiHa cells treated with 50 or 100 µL/mL NS for 48 hours increased when compared with the levels in untreated control cells. However, the expression levels of caspase-3, -8, and -9 and p53in SiHa cells treated with 100 µL/mL NS for 48 hours markedly increased by 30.7, 23.9, 15.2 and 26.1 fold, as compared with control, untreated cells. Together, these data suggest that these caspases and p53 were induced by NS in a dose-and timedependent manner.
Agents suppressing the proliferation of malignant cells by enhancing apoptosis may constitute a useful mechanistic approach to both cancer chemoprevention andchemotherapy. Hence, apoptosis was hypothesized to be the possible mode of cell death in SiHa cancer cell by following either nuclear (p53) or mitochondrial (caspase) or both pathways. To test this hypothesis, we sought to determine the role of NS in inhibiting cell growth and modulating the expression of crucial apoptotic genes likecaspases-3, -8, and -9 and p53. The data presented in this paper demonstrate a time-and dose-dependent inhibition of SiHa human cancer cell proliferation by NS exposure. There are many mechanisms through which apoptosis can be enhanced in cells. Caspases have a central role in the apoptotic process in that they trigger a cascade of apoptotic pathways. The release of cytochrome-c from mitochondria leads to the activation of procaspase-9 and then caspase-3 [3h]. The activation of caspase-3 is an important downstream step in the apoptotic pathway [3i]. In addition, the effector caspase, caspase-3, and the initiator caspases, caspase-8 and -9, are the main executors of apoptosis [4a] . Caspase-8 is in the death receptor pathway, whereas caspase-9 is in the mitochondrial pathway, and both pathways share caspase-3 [4b].
The possibility that p53-mediated apoptosis may be associated with the activation of caspase-3, -8 and -9 was suggested by the evidence, which established the ability of p53 to activate both the extrinsic and intrinsic apoptotic pathways [4c, 4d, 5a] . p53 enhances cancer cell apoptosis, and it prevents cell replication by stopping the cell cycle at G1 or interphase [5b]. By inducing the release of mitochondrial cytochrome c, p53 might be able to activate effector caspases, including caspase -3 and other caspases. Furthermore, caspases-3, -8, and -9 may be part of the apoptotic effector machinery engaged by p53 to mediate teratogen-induced apoptotic pathways [5c]. The data presented in this study indicate that the expression levels of p53 and caspase-3, -8 and -9 weremarkedly increased after NS treatment in a concentrationdependent manner. Taken together, the data presented in this study suggest that the NS induced apoptosis is mediated by the death receptor andmitochondrial apoptotic pathways as demonstrated by increasedexpression levels of caspase-3, -8 and -9 after NS treatment. In addition, this study suggests that NS activates the extrinsic death pathway, as demonstrated by increased expression levels of caspase-8.Therefore, these data suggested that NS may induce apoptosis through various mechanisms, and the NS-induced apoptosis occurred partly through its ability to increase the expression of pro-apoptotic genes such as p53 and caspase-3, 8, and 9 in SiHa cervical cancer cells.
In conclusion, to the best of our knowledge, the results presented in this study show for the first time that NS exhibits anticancer effects by blocking the proliferation of cervical cancer SiHa cells and inducing apoptosis in part by modulating p53 in addition to caspase-3, 8, and 9 expression. The present data shown here confirm our earlier reports and suggest that the induction of apoptosis by NS is partly attributed to its ability to increase the expression of the proapoptotic genes such as p53 and caspase-3, 8, and 9. Taken together with our previous observations, the results described here suggest that NS induced apoptosis in SiHa cells, in part by mediating the induction of p53 and caspase-3, -8, and -9. Most importantly, findings of the present study support the development of dietetic plant product based drug(s) for treatment of cervical cancer. However, further research will be required to characterize and analyze different components of the NS seed before the development of a promising chemo-therapeutic agent for cervical cancer treatment from NS.
Experimental
Preparation of NS extract: NS seeds, purchased from a local market, were powdered mechanically. The extract was obtained by Cytotoxic activity of Nigella sativa Natural Product Communications Vol. 8 (2) 2013 215 cold soaking of the powdered seeds in 1 L of methanol thrice for 24 h. The solvent was removed under reduced pressure.
Maintenance of SiHa cells:
The SiHa cancer cell line was kindly gifted by Dr MAAkbarshah, Mahatma Gandhi-Doerenkamp Center (MGDC), Bharathidasan University, India. The cell line was maintained and propagated in 90% Dulbecco's Modified Eagle's Medium (DMEM) containing 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin. Cells were cultured as adherent monolayers (i.e., cultured at ~70% to 80% confluence) and maintained at 37°C in a humidified atmosphere of 5% CO 2 . Cells were harvested after brief trypsinization.
Toxicity and cell proliferation assays:
To assess the toxicity of different concentrations of NS on SiHa cells, the Cell Titer Blue ® viability assay (Promega Madison, WI) was performed following the manufacturer's instructions. Briefly, SiHa cells (2 x 10 4 cells/well) were plated in 96-well plates and treated with a range of doses (0 µL/mL NS to 125 µL/mL NS for 24 h). Then, 40 µL of the Cell Titer Blue solution was directly added to the wells and incubated at 37°C for 6 h. The fluorescence was recorded with a 560 nm/590 nm (excitation/emission) filter set using a Bio-Tekmicroplate fluorescence reader (FLx800 TM ), and the IC 50 was calculated. Quadruplet samples were run for each concentration of NS in 3 independent experiments.
NS treatment for a dose-and time-dependent study:
For a doseand time-dependent study, SiHa cells were treated with either 50 µL/mL or 100 µg/mL NS for 24, 48, and 72 h for the terminal deoxynucleotidyltransferase-mediated dUTP nick end labeling (TUNEL) assay. The cells were incubated with the same NS concentrations for 24 and 48 h for real-time quantitative PCR analysis.
TUNEL assay:
The DeadEnd ® TUNEL assay kit (Promega, Madison, WI) was used for studying apoptosis in a time-and dosedependent manner. Briefly, SiHa cells (1.5 x 10 6 cells/well) were cultured in 6-well plates to study apoptosis in adherent cells. Cells were treated with 50 µL/mL and 100 µL/mL NS for 24, 48 and 72 h. After the incubation period, the culture medium was removed by aspiration, and the cell layers were trypsinized. The treated cells were reattached on 0.01% polylysine-coated slides, fixed with 4% methanol-free formaldehyde solution, and stained according to the DeadEndfluorometric TUNEL system protocol [5d]. The stained cells were observed using a Carl-Zeiss (Axiovert) epifluorescence microscope using a triple band-pass filter. To determine the percentage of cells demonstrating apoptosis, 1000 cells were counted in each experiment [2d].
Real-time quantitative PCR analysis: Real Time-PCR (ABI 7500
Fast, Foster City, CA) was used to analyze the expression of apoptotic genes by using a real-time SYBR Green/ROX gene expression assay kit (QIAGEN, Germany). A Fastlane ® Cell cDNA kit (QIAGEN, Germany) was used to prepare cDNA directly from cultured cells., and the mRNA levels of caspase-3, -8, and -9 and p53, as well as the reference gene, GAPDH, were assayed using gene-specific SYBR Green-based QuantiTect ® Primer assays. Briefly, 12.5 µL of master mix, 2.5 µL of primer assay (10x) and 10 µL of template cDNA (100 µg) were added to each well. After brief centrifugation, the PCR plate was subjected to 35 cycles of the following conditions: (i) PCRactivation at 95°C for 5 min, (ii) denaturation at 95°C for 5 sec and (iii) annealing/extension at 60°C for 10 sec. All samples and controls were run in triplicate on an ABI 7500 Fast Real-time PCR system. The quantitative RT-PCR data were analyzed by a comparative threshold (Ct) method, and the fold inductions of samples were compared with the untreated samples. GAPDH was used as an internal reference gene to normalize the expression of the apoptotic genes. The Ct cycle was used to determine the expression level in control cells and SiHa cells treated with NS for 24 and 48 h. The gene expression level was then calculated as described by Yuan et al. [5e] . The results were expressed as the ratio of reference gene to target gene by using the following formula: ΔCt = Ct (apoptotic genes) -Ct (GAPDH). To determine the relative expression levels, the following formula was used: ΔΔCt = ΔCt (Treated) -ΔCt (Control). Thus, the expression levels were expressed as n-fold differences relative to the calibrator. The value was used to plot the expression of apoptotic genes using the expression of 2 -ΔΔCt .
Statistical analysis:
The data were expressed as the mean (± SD). Analyses were performed using Microsoft excel statistical software.
